In this paper, the rapid liquefaction of a corncob was achieved by plasma electrolysis, providing a new method for cellulosic biomass liquefaction. The liquefaction rate of the corncob was 95% after 5 min with polyethylene glycol and glycerol as the liquefying agent. The experiments not only showed that H + ions catalyzed the liquefaction of the corncob, but also that using accelerated H + ions, which were accelerated by an electric field, could effectively improve the liquefaction efficiency. There was an obvious discharge phenomenon, in which the generated radicals efficiently heated the solution and liquefied the biomass, in the process of plasma electrolytic liquefaction. Finally, the optimum parameters of the corncob liquefaction were obtained by experimentation, and the liquefaction products were analyzed.
Introduction
Biomass, as the only renewable resource that can be converted into liquid fuel, is attracting more and more attention [1] . Liquefaction of biomass is usually done by converting large organic molecules into small liquid and gaseous molecules. Depending on the conversion method, the methods of biomass conversion are either biochemical or thermochemical. Thermochemical methods primarily include gasification, pyrolysis, and liquefaction [2] . Compared with gasification and pyrolysis, liquefaction has the advantages of requiring only simple equipment, utilizing an easy operation, and operating under mild reaction conditions, but the obtained products are more complex and difficult to separate. Currently, two types of biomass liquefaction technologies, direct liquefaction [3, 4] and solvent catalyzed liquefaction [5, 6] , are normally used. Direct liquefaction is a method of extracting biomass from a supercritical/ subcritical fluid by high temperature and high pressure to achieve liquefaction. However, this method has disadvantages such as high energy consumption and harsh conditions. Solvent catalyzed liquefaction refers to degrading biomass with the assistance of catalysts and solvents under high temperature conditions to obtain small, highly active molecular fragments. These fragments then undergo a reforming reaction to obtain a relatively new liquid product with a relatively large molecular weight, thereby achieving liquefaction of the biomass.
In solvent catalyzed liquefaction, solvent selection is based on the principle of similar dissolution. Therefore, the liquefaction agents are usually benzene or a compound containing benzene rings. Specifically, in the case of polyol liquefaction, a polyethylene glycol series is usually selected [5, 6] . Homogeneous catalysts, primarily liquid acids [5, 7] , alkalis [8] , and soluble transition metal compounds (salts and complexes) [9] , are usually chosen for solvent liquefaction.
Since the reaction temperature greatly influences the biomass liquefaction rate and bio oil yield, the traditional optimum reaction temperature of biomass liquefaction is generally about 150°C-200°C [10, 11] . However, it is also related to other reaction conditions such as the solvents and catalysts. Heating methods primarily include oil baths, electric furnaces, flame, and other traditional heating methods, all of which are slow and consume considerable energy. The introduction of microwave, ultrasound, and other technologies has solved some of the problems of solvent catalytic liquefaction. For example, Lu et al [12] used microwaves and ultrasound to assist a liquefaction experiment, resulting in a liquefaction rate of sawdust of 91%, even though the amount of liquefaction solvent was only half that used in the traditional heating method and the time required for liquefaction was shortened from 60 min to 20 min. The principle underlying microwave heating is that the energy released by a loss of polarization of polar molecules in the microwave field is converted to kinetic energy by increasing the motion of other molecules in the solution. Microwave heating is characterized by rapid and uniform heating, no temperature gradient, and no hysteresis effect. Microwave and ultrasound can effectively heat polar molecules, but microwave equipment is complex in that microwave propagation requires a waveguide, a hermetic metal container, and polar molecules to enable the microwave induced heating. In the process of microwave heating, the heating efficiency decreases rapidly with the decrease of water content with temperatures well past 100°C. With the decrease in water content the absorption of microwaves by the water molecules decreases rapidly, and the reflected wave is noticeably enhanced. The reflected wave can cause damage to the microwave source. Therefore, it is rare to use microwave heating to liquefy biomass in industrial situations.
Finding an even more simple and effective heating method is the focus of this study. In the process of biomass liquefaction, catalysts, most of which are acids, bases, or salts, which contain H + , OH − , and other ions, are commonly used.
A DC pulse electric field was used to accelerate the ions in the solution. The ion acceleration process will cause collisions with other molecules, thus heating the solution. In this study, plasma electrolysis technology was used to liquefy a traditional biomass source (corncob or sawdust) using an electrolyte consisting of polyethylene glycol 200 (PEG 200), glycerin, and concentrated sulfuric acid. The traditional way of carrying out liquefaction (oil bath heating) was compared with the plasma liquefaction method, and because the results were very similar, the mechanism for the plasma electrolytic liquefaction (PEL) was understood from the principles that previous researchers had obtained for traditional liquefaction of biomass. Then, by comparing the main components of sawdust and corncob, we will identify the critical factors that affect the product, in particular, the liquefaction rate and liquefaction time.
Subsequently, the influence of various factors on the liquefaction rate was investigated by controlling variables such as time, amount of catalyst, ratio of fuel to corncob or sawdust, and the ratio of PEG 200 to glycerol. Finally, the liquefaction products and the mechanisms involved in the liquefaction were studied.
Experiments

Materials
Corncobs (Fujian Cheng Fa Agricultural Development Co. Ltd) were dried for 12 h in an oven set at 105°C, then crushed, sieved, and separated using 40-80 meshes. The sifted corncob was placed in a dryer at room temperature. The water content, ash content, acid insoluble lignin, cellulose, and alpha cellulose content of the corncobs (table 1) were all provided by the supplying company. The C, H, O, and N content of the corncob was analyzed by an elemental analyzer, and the results are also shown in table 1. The PEG 200, glycerin, concentrated sulfuric acid, and acetone used in the experiment were all analytically pure. The high heating value (HHV) of the corncob was 15.48 MJ kg −1 . From the literature [10, 11] , we know that the standard parameters for the pyrolysis catalyzed liquefaction of sawdust are as follows: the liquid:solid ratio was 7:1 (the amount of sawdust was 5 g), the PEG 200:glycerol ratio was 3:1 (PEG 200 and glycerol were 20.82 ml and 6.94 ml), and the amount of sulfuric acid was 1% (mass ratio). Because the compositions of sawdust and corncobs are very similar and the cellulose content in both sawdust and corncobs is greater than 71%, based on the parameters in reference [7] , the optimum parameters for liquefied corncobs were obtained by experimentation.
In comparison, the ash content of corncobs is higher than that of lignin [7, 10] , but the lignin and water content of sawdust are higher than those of corncobs, and there is little difference between the α-cellulose and holocellulose content of the two types of materials.
Liquefying device
The liquefying device primarily comprised three parts, the reactor, power supply, and agitator, as shown in figure 1(a) . The corncob and the liquefying agent (PEG 200, glycerin) were placed in a quartz reactor (inner diameter of 60 mm, height of 130 mm). Two tungsten electrodes were connected to the electrodes of a direct current pulse power supply (MAO-6, Pulsetech. Company Ltd, China, 0-800 V), whose output was 0-800 V, duty cycle was 50%, and frequency was a 100 Hz square wave. The discharge curve during the PEL is shown in figure 1(b) . In the experiment, the distance between 
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In the above formula, f represents the liquefaction rate, m 2 represents the solid residue quantity, and m 1 represents the corncob quantity, which in this case was 5 g. In the experiment, the values for the temperature and the liquefaction rate were the average of three experimental measurements; the error is the standard deviation of the three experiments.
When we gradually increased the voltage from 0 V to 740 V, the current eventually stabilized at 0.2 A (the distance between the two electrodes was 10 mm). At that time, a large amount of white smoke was produced from the solution, accompanied by a slight explosion, possibly resulting from the mixing of generated hydrogen and air. Later, the smoke was reduced and a sharp discharge (yellow-red flash) occurred near the cathode, and the solution near the cathode began to boil. The flash then became larger and brighter, and the boiling became violent, accompanied by splashing of the solution. Because the discharge was accompanied by smoke, flash, and boiling, we needed to measure the composition and content of the gases, the emission spectrum of the flash, the temperature of the solution, and the solution composition. (The above experiments were done in a fume hood, the casement window of which should be thickened shatterproof glass, and all the participants wore masks.)
Characterization
After the corncob was liquefied by plasma electrolysis, the main products were liquefied product, solid residue, and gases. The content of C, H, O, and N in the corncob, solid residue and liquefaction products were analyzed using an elemental analyzer (Vario EL III, Germany). The infrared absorption lines of the corncob, solid residue, liquefaction agent, and liquefaction products were compared before and after treatment using a Fourier infrared spectrometer (Thermo Scientific Nicolet IS10, spectral resolution 0.5 cm −1 , 4000-400 cm −1 ). The liquid products were analyzed using gas chromatography-mass spectrometry, and the possible chemical structures of the substances were determined.
When the gas was produced, there was a distinct arc discharge phenomenon. The gas was collected with a gas sampling bag and then analyzed using an Agilent Micro3000-GC to identify the gas species and determine their mole fractions. The emission spectra were obtained with a spectrometer (HR2000+). After the discharge, the cathode and anode showed obvious changes: the cathode surface had a layer of black solid deposit, while the anode had been gradually consumed and had become needle-shaped. Therefore, the surface of the electrodes was also analyzed using emission electron microscopy and EDS spectroscopy to help us understand the discharge and reaction processes.
Results and discussion
Plasma liquefaction characteristics
To analyze the influence of the electric field between the two electrodes on the temperature of the solution, the voltage and current between the electrodes were measured with an oscilloscope, as shown in figure 2. In this figure, the voltage can be seen to be divided into four stages, i.e., U1-U4. In the U1 stage (0-230 V), the current increased linearly with the voltage, consistent with Ohm's law. Due to the low voltage, the corresponding electric field was weak, and the kinetic energy of the ions in the solution was low. In this stage the solution showed a pure resistance property. As the voltage continued to increase, the reaction entered the U2 phase (230-460 V). In this stage, as the kinetic energy of the ions increased, a large number of secondary electrons were produced as a result of collisions between electrons and molecules, and the current increased rapidly. In the U3 phase, the kinetic energy of the ions continued to increase as the voltage increased, leading to an obvious increase in the solution temperature. The increase in the solution temperature resulted in the solution boiling near the cathode. The gases produced by the boiling surrounded the cathode, causing the current to drop rapidly. As the voltage continued to increase, a steady gas discharge phase was reached. In the U4 stage, the voltage was stable near 740 V, and the current was about 0.2 A [13] . We found that the curves for the voltage and current were basically unchanged when a corncob was used instead of sawdust in the experiments. But the discharge current curve was slightly different. The discharge current increased a little during the process of the PEL of a corncob. A possible explanation may be the differences in the ash and water content between the corncob and sawdust.
From the above analysis we can see that the heating process primarily came from the cathode heating and the plasma discharge process. Using the parameters reported in the literature [10, 11] , we carried out further experiments. The specific parameters were as follows: the amount of corncob was 5 g, the liquid:solid ratio was 7:1, the PEG 200:glycerol ratio was 3:1, and the amount of sulfuric acid was 1% (mass ratio). To verify the heating effect of the ions in solution, in the absence of sulfuric acid the solution temperature was only 42°C with the application of 745 V for 5 min. In the above experiment without sulfuric acid, no discharge phenomenon was observed, and the biomass was not liquefied. As the amount of sulfuric acid increased, the temperature of the solution changed, as shown in figure 3(a) . The liquefaction rate also increased significantly with treatment time. This indicates that the ions played a critical role in the discharge process. Subsequently, we measured the temperature of the solution at different cathode positions. The temperature of the solution near the cathode increased rapidly and increased more slowly further from the cathode. But after 5 min, the temperature away from the cathode was significantly higher than that at the cathode, as shown in figure 3(b) . It is possible that the gases produced by the discharge dissipated a lot of the heat, leading to a decrease in the temperature near the cathode.
Since the parameters of the PEL of the corncob (solvent ratio and catalyst) were derived from an oil bath heating liquefied sawdust experiment, we first repeated Yamada's experiments [7] and showed that the standard parameters we obtained were consistent with his. Then we needed to compare the PEL of sawdust with that of corncob. In the resulting experiment, we found that the curves of temperature versus time for the corncob were the same as that for sawdust, and the liquefaction rate of the corncob was slightly lower than that of sawdust. The reason for the similar temperature curves is that the major components in the biomass (cellulose, lignin, and water content) are similar, and the liquefaction parameters were the same in both PEL experiments. The low liquefaction rate of the corncob was probably due to the high ash content in the corncob, since ash is primarily composed of inorganic substances and cannot be liquefied. Since the mechanisms for the PEL of sawdust and corncobs are the same, to find the liquefaction mechanism of the plasma electrolytic process, we also needed to compare experimentally the oil heating liquefaction of sawdust with that of the PEL of sawdust.
The rate of biomass liquefaction using plasma electrolysis was considerably higher than that obtained using a traditional liquefaction processes. To investigate the reasons for this, the heating and reaction process was divided into the following three processes: (1) the influence of H + on liquefaction; (2) the effects of free radicals produced during discharge on liquefaction; (3) the effects of the liquid:solid ratio and the amount of the liquefaction solvent on the liquefaction rate. 
The influence of temperature and H + on liquefaction
Raftery et al [14] found that when the oxygen atom in a glycosidic bond is protonated, the glycosidic bond is broken. Using the biomass source used by Yamada (sawdust) [7, 15] as the medium, we repeated Yamada's experiment using the standard parameters and found that the results were similar to Yamada's. Comparing PEL with oil bath heating liquefaction (figures 3(a) and 4(a)), we found that the solution temperature in PEL rose significantly higher than that in the oil bath heating under the same conditions. In addition, it can be seen from figure 4(a) that the liquefaction rate increased with the temperature when the concentration of hydrogen ions was constant. In particular, when the temperature was 225°C, the liquefaction rate of the sawdust reached 93% at 8 min and 43 s. Therefore, temperature appears to be the primary factor affecting liquefaction rate. These experimental results showed that the liquefaction rate was proportional to the temperature when the sulfuric acid concentration was kept constant. That is, increasing the temperature effectively increased the rate of reaction and the catalytic effect of the sulfuric acid.
(1) The influence of H + on liquefaction
Because ions play an important role in PEL, the catalytic role of H + was investigated next. First, it was necessary to determine experimentally whether H + ions can break the glycosidic bond and then to find the optimal concentration of H + ions. A molar equivalent of sulfate ion in a saturated Na 2 SO 4 solution (1.44 ml) was used instead of concentrated H 2 SO 4 , and the temperature and the liquefaction rate were measured. The experimental results show that the sodium sulfate solution effectively heated the solution during the plasma liquefaction, as shown in figure 4(b) . Also, the temperature curve exhibited a slight reduction at 15 min.
The main reason appears to be the dehydration of glycerol. The dehydration temperature of glycerol is 231°C. The produced water will take away a lot of heat during evaporation, resulting in a drop in the solution temperature from 231°C to 192°C [16] . Figure 4(b) shows that the addition of Na + did not effectively improve the liquefaction of the solution, so we concluded that H + effectively catalyzes the liquefaction of biomass. In the experiment, we measured the pH values before and after liquefaction and found that the pH value of the solution varied from 5.83 (before liquefaction) to 5.68 (after liquefaction). The reason for the lower pH value may be due to partial gas escaping and residue precipitation. Since the H + ion effectively increased the liquefaction rate, the optimum content of H + ions was determined by changing the concentration of sulfuric acid. As can be seen in figure 5 , 0.9%-1.2% sulfuric acid had the optimal catalytic effect. Since the elemental composition and basic units of the two kinds of biomass (corncob and sawdust) were consistent and because the basic units differed only slightly in percentage composition, when the concentration of H + was the same, their liquefaction processes should be similar. In addition, by comparing the PEL of sawdust with the oil bath heating liquefaction of sawdust, we were able to find that the process of sawdust liquefaction results from acceleration of the H + to break the glycosidic bonds. However, importantly, the kinetic energy of the H + in plasma electrolysis is higher than that of the H + in the oil bath heating.
(2) The influence of free radicals produced by discharge on liquefaction
Light and smoke were both emitted during the experiment. Thus, the emission spectra were measured by a spectrometer, and the gas species and molar ratios of the gases were investigated using a gas phase analyzer.
a. Emission spectra. There were obvious flashes during the PEL process. The emission spectrum is shown in figure 6 . As can be seen from figure 6, many reactive species, such as ·OH, :ĊH, H· and ·C 2 , were produced during the discharge. The ·OH indicated by the peak at 309 nm in the spectral line was primarily derived from e − +H 2 O→·OH (A)+H·+e − . This peak indicates that H· and ·OH radicals were produced during the discharge [17] . The :ĊH peak at 431 nm primarily came from H·+:CH 2 →:ĊH+H 2 (rate constant k=1×10 −11 exp(900/T g ). The :CH 2 in the upper reaction was primarily derived from the decomposition of CH 4 and from the dehydrogenation processes [18] . The :CH 2 and ·CH 3 generated by the dehydrogenation of methane are usually difficult to measure because their emission spectra are not obvious (see reference [18] ). The line belonging to the C 2 Swan band system, corresponding to the d 3 Π g →a 3 Π u transition with Δν=0 is located at 516 nm [19] . The presence of ·C 2 should correspond to the presence of C in the solid residue. b. Composition and content of gases. Since a large amount of smoke occurred during discharge, the gas was collected in collection bags and analyzed with an Agilent Micro3000-GC gas phase analyzer. H 2 , CO, CH 4 and other gases were identified. The H 2 mole fraction was 97.74%, and the CO mole fraction was 1.78%. CH 4 , C 2 H 6 , C 2 H 4 and the other mole fractions totaled 0.48%. This result is basically consistent with those obtained by conventional solvent catalytic liquefaction processes [20, 21] .
After the discharge, the cathode (99.99%, W) was markedly black and roughened (the luminescent region was near the cathode), which indicated that something had precipitated and adhered to the cathode surface. However, the anode changed little; only the metallic luster was weak. The cathode and anode were then observed separately under an electron microscope with the results shown in figure 7 . By analyzing the material on the cathode surface using a spectrometer, we found that the cathode was covered with a layer of carbon that had formed a porous network. The surface carbon seems to have originated from the carbon deposition of methane dehydrogenation and a cathode plasma carburization process. This origin is consistent with the cathodic discharge. With an increase in discharge time (30 min longer), the anode was obviously thinner. A possible reason is that the anode lost electrons and was oxidized to WO and tungsten oxide compounds, which entered the solution. Therefore, the anode was gradually consumed during discharge and became needle-like. The emission spectrum for the corncob liquefaction process was similar to that for the sawdust liquefaction, but the spectral line intensity was slightly different. Therefore, the emission spectrum was primarily related to the chemical groups that comprise the biomass and was, thus, independent of the raw material (corncob or sawdust) used in the process of the plasma liquefaction of biomass.
Since water participates in the liquefaction process, the effect of water molecules on the liquefaction was analyzed. In this experiment, 0.19 ml of concentrated sulfuric acid was diluted to 1.9 ml and added to the solution. Splashing of the liquid occurred during the discharge, accompanied by obvious explosions. However, the solution temperature was lower than when concentrated sulfuric acid was used. At 5 min the solution temperature was only 196°C and the liquefaction rate was 56.3%. 8 min later, the biomass had completely liquefied. This experiment showed that water has a great influence on liquefaction. The reason seems to be that the boiling water removed considerable heat, which led to a slower increase in the solution temperature. In addition, almost no H + was generated in the electrolysis water and the H + in the solution did not increase [22] . Therefore, reducing the water content in the experiment was beneficial to the liquefaction.
Effects of liquid: solid ratio and liquefaction agent on the liquefaction rate and product analysis
To obtain the optimum parameters for the PEL process, the effects of the liquid to solid ratio and the amounts of the different agents on the liquefaction rate were investigated. The main factors affecting the liquefaction rate were studied, including the liquid to solid ratio, the ratio of the liquefaction agent (PEG 200 to glycerin ratio), H + ion concentration, and treatment time. When the following parameters were constant (the ratio of polyethylene glycol to glycerin was 3:1, the Figure 6 . Emission spectrum curve during the PEL of the corncob.
corncob amount was 5 g, the catalyst (H 2 SO 4 ) was 1%, and the liquefaction time was 5 min), only the liquid to solid ratio was a variable parameter. The liquefaction rate and the residue from the corncob are shown in table 2. Specifically, when the liquid to solid ratio was 7:1, the liquefaction rate reached 95%. Further increasing the amount of liquefying agent will increase the cost, so the optimal liquid to solid ratio was 7:1.
Because of the poor liquefaction using a single polyol, a mixture of polyols is often used as the liquefying agent. Therefore, the effect of the liquefaction agent ratio on the liquefaction rate was investigated. The liquefaction rate and residue of the corncob are shown in table 3, which shows that when either polyethylene glycol or glycerin was used alone as a liquefying agent, the liquefaction rate of the corncob was about 62.31%. The rate of liquefaction increased rapidly with the addition of glycerol into the polyethylene glycol. The reason appears to be that glycerol has good permeability, such that it can enter the corncob and prevent small molecules from contacting each other. Thus glycerol prevents condensation reactions [23, 24] . However, when glycerol was used as a liquefying agent alone, the discharge was more severe, resulting in the combustion of the solution. The experimental results show that a liquefaction agent ratio of 3:1 yielded the best liquefaction effect.
By comparing the composition of sawdust with corncobs, we found the lignin content of sawdust is higher than that of corncobs. Lignin is a cross-linked phenolic polymer formed from three alcohol monomers and is easy to liquefy [23] . In addition to the difference in lignin, the water content of sawdust and corncobs was also different, 7.02% and 4.19%, respectively. Because the solution temperature during the liquefaction of biomass was above 200°C, the water content of the biomass evaporated and did not affect the liquefaction. Therefore, the liquefaction rate of the biomass was primarily affected by the ash and cellulose content.
In summary, the optimum parameters for the corncob liquefaction by PEL are a liquid to solid ratio of liquefying agent to corncob of 7:1, a ratio of PEG 200 to glycerol of 3:1, a concentrated sulfuric acid catalyst content of 1%, and a treatment time of 5 min.
Product characterization
The comparison between the corncob before and after treatment by PEL is shown in figure 8 . When prepared using the standard parameters described above, the products after liquefaction were primarily liquid products with solid residues. Their elemental compositions are respectively shown in tables 4 and 5. As can be seen from comparing table 4 with table 1, the content of C and H in the solid residue decreased from what was originally in the corncob, while the oxygen ). On the other hand, it can be seen from table 5 that the content of C and H in the liquid product increased, whereas the oxygen content was reduced, so that its HHV of 23.28 MJ kg −1 was higher than that of the corncob. In general, a HHV corresponds to a higher hydrocarbon and lower oxygen content. This, therefore, suggests that some deoxygenation reactions, such as dehydration, decarboxylation, and the removal of carbonate groups, may occur during the PEL process [25] .
To find the main components of the liquefied products, the corncob, liquid products, and solid residues were analyzed by infrared spectrometer, with the results shown in figure 9 , which shows that most of the peaks were in the range of 1800-800 cm . The characteristic absorption peaks in this range are the carbonyl group, ether bonds, aromatic nuclei, and similar species [5] . Figure 9 also shows a strong absorption peak near 3400 cm −1 , which corresponds to a hydroxyl radical. This indicates that the corncob and the products had abundant hydroxyl groups. In contrast to the peaks of the corncob and residue, there was an obvious 1722 cm −1 peak associated with the liquid product. This peak corresponds to the characteristic absorption peak of C=O [21, 22] . However, there is no such peak in the corncob or the residue. This indicates that the compounds in the liquid product contained carboxylic acids, aldehydes, ketones, esters, or similar chemical groups. The peak values at 1353 cm −1 and 1457 cm −1 for the liquid product are associated with benzene ring vibration and were stronger than those for the corncob or residue [4] . This finding indicates that additional compounds containing benzene rings were generated in the solution. The peaks at 1118 cm −1 and 944 cm −1 correspond to the O-C-O group; these peaks were stronger for the liquid product than for the corncob or residue [23] . Such ether bonds probably result from ethers of glycerol or polyethylene glycol [5, 25] .
The liquid products were analyzed by gas chromatography-mass spectrometry and were as follows: glycerol, ethylene glycol, polyethylene glycols, glycolic acid, 1,4-dioxane, diethyl ethanedioate, furfural obtained from the degradation of sugars, 4-butoxy-2-butanone, dihydro-4-hydroxy-2(3H)-furanone, and others. The above analysis shows that the products obtained by PEL are basically the same as those obtained by traditional liquefaction. Although the products are basically identical, there is a big difference in energy consumption. Here the three usual methods of liquefaction are compared with PEL, as shown in table 6, which shows that PEL significantly improved the liquefaction efficiency, reduced energy consumption, and was simple and easy to perform. Because most of the groups in the sawdust and corncobs were the same, the main reactions in the liquefaction process were also the same, so the infrared absorption peaks of the products were basically the same, but the peak intensities were different.
During plasma electrolytic liquefaction, on the one hand, the temperature of the liquefaction system soars, contributing to cellulose dehydration and C-O-C fracture to form dextran, which then could be expected to dehydrate, isomerize, or degrade to generate intermediate substances containing C=C and C=O. On the other hand, highly active free radicals like ·OH, ·H and ·CH 3 can react with dextran, effectively breaking down the bonds of C=C, C=O, and -OH to produce additional free radicals and compounds, including ketones, alcohols, and acids. In addition, interactions among free radicals, free radicals and ketones, alcohols, and acid products will also interact each other and cyclic ketones and linear ketones containing -CH 3 and -OH substituents were generated. This is consistent with the product containing more cyclohexanone and furan ketone.
Conclusion
In this paper, the rapid liquefaction of a corncob was achieved by plasma electrolysis. The optimum parameters for the PEL of a corncob were identified experimentally and were corncob, 5 g; PEG 200:glycerol molar ratio, 1.38:1; liquefactant: corncob mass ratio, 7:1, concentrated sulfuric acid, 1%. The experiments showed that the H + ions not only catalyzed the liquefaction of the corncob but also that increasing the H + effectively improved the liquefaction efficiency. The mechanism underlying the PEL process was consistent with that of oil bath heating liquefaction, but the heating efficiency was obviously higher than that of the traditional heating method. There was an obvious discharge phenomenon in the process of the PEL, in which the generated radicals seem to have efficiently heated the solution and liquefied biomass. Compared with conventional liquefaction, PEL provides a very promising rapid liquefaction method. Finally, the optimal parameters of the corncob were identified by experimentation, and the liquefaction products were analyzed to complete the evaluation of the PEL process. The power of PEL is defined as the product of the voltage, current, and duty cycle.
